ABSTRACT Licensed gun dealers are a major conduit for gun trafficking. Prior to May 1999, a single gun store sold more than half of the guns recovered from criminals in Milwaukee, WI, shortly following retail sale. On May 10, 1999, the store stopped selling small, inexpensive handguns popular with criminals, often called BSaturday night specials.^The purpose of this study was to estimate the effect of this gun store's changed sales practices on criminals' acquisition of new guns. We used an interrupted time-series design with comparisons to test for changes in the number of guns that police recovered from criminals within a year of retail sale following the gun dealer's new sales policy. The dealer's changed sales policy was associated with a 96% decrease in recently sold, small, inexpensive handguns use in crime in Milwaukee, a 73% decrease in crime guns recently sold by this dealer, and a 44% decrease in the flow of all new, trafficked guns to criminals in Milwaukee. The findings demonstrate the substantial impact that a single gun store's sales practices can have on the supply of new guns to criminals. Proposed anti-gun-trafficking efforts in other cities could benefit from targeting problem retail outlets.
INTRODUCTION
In 2003 in the United States, firearms were used in 11,920 homicides and 42,505 non-fatal assaults for which the victims were treated at hospitals. 1 Many offenders in these incidents are prohibited by law from possessing firearms but obtain them through the illicit market. 2 The mayors of New York, Boston, Chicago and other major U.S. cities have recently put combating firearms trafficking near the top of their policy agenda. [3] [4] [5] Licensed firearms dealers are one of the most important channels for diverting firearms from the legal to illegal market. 6 A national survey of gun dealers found a widespread willingness among dealers to make sales of questionable legality. 7 Yet a very small percentage of all licensed gun dealers sell the majority of guns later used by criminals. 8 A study of California gun dealers indicated that the number of guns sold that are subsequently recovered from criminals is only partially explained by sales volume or the demographic characteristics of the communities in which the dealers are located. 9 Dealers' sales practices were not measured in this study and may explain why guns sold by some dealers have an unusually high probability of subsequent involvement in crime.
The types of guns a store sells may partly account for differences among gun dealers in the probability that their guns will be diverted to criminals. Small, inexpensive handguns-sometimes referred to as BSaturday night specials^(SNSs) or Bjunk guns^-are significantly more likely to be used subsequently in crime than are larger, more expensive handguns. 10 Maryland banned the sale of SNSs beginning in 1990. The law was associated with a substantial reduction in the likelihood of criminals using SNSs 11 and a 9% reduction in homicide rates. 12 On May 10, 1999, a gun store that had been linked to a large proportion of the guns recovered from criminals in Milwaukee 13 announced that it would no longer sell SNSs.
14 This study examines the impact of this gun dealer's announced policy to stop selling SNSs on the flow of new guns to criminals in Milwaukee.
MATERIALS AND METHODS

Design
We used an interrupted time-series research design with comparison groups 15 to estimate the effects of the change in the dealer's sales practices on a measure of the availability of new guns to criminals. Milwaukee was the city that the intervention was hypothesized to affect. Three cities in the Midwest (St. Louis, Cleveland, and Cincinnati) were selected as comparisons to identify temporal changes in gun trafficking within the region that might confound estimates of the effects of the policy change.
Data and Measures
Police in many large U.S. cities have policies of having all of the firearms they recover in criminal investigations (hereafter referred to as Bcrime guns^) traced by the U.S. Bureau of Alcohol, Tobacco and Firearms (ATF) to identify the initial retail seller and purchaser of the firearm. 16 Using these data, researchers have developed indicators of suspected illegal trafficking, including having a relatively brief interval (e.g., G3 years) between retail sale and crime involvement. 17, 18 These indicators have been used to track changes over time and place to evaluate anti-trafficking interventions. 19, 20 We used trace data for crime guns recovered between July 1, 1996, and December 31, 2002, in Milwaukee and the three comparison cities. Each of these cities participated in a federal initiative in which cities agreed to submit information necessary for tracing to ATF for all crime guns. 21 The number of traces for St. Louis and Cincinnati were significantly lower for the first 8 months of the study period, suggesting that these cities had not yet instituted comprehensive tracing. Thus, these observations were omitted from the analyses.
Because we were evaluating the effect of a change in retail sales practices, we used a fairly restrictive indicator of the diversion of new guns to criminals as our outcome measure-a retail sale-to-crime interval of less than 365 days. The outcome variable, Y t , is the number of crime guns meeting this definition that were originally sold during a given two-month period and will be referred to as Bnew crime guns.^New crime guns for which the criminal gun possessor was not the retail purchaser we refer to as Bnew trafficked crime guns.Ŵ e also examined changes in new SNS crime guns to focus on the types of guns that the gun dealer decided to no longer sell. SNSs were identified by selecting handguns manufactured by companies that primarily or exclusively sell small, inexpensive (G$150) handguns. To identify SNS manufacturers, we relied on the work of Garen Wintemute, who has extensively studied the SNS industry 22 and recent consultation with Dr. Wintemute (December 8, 2005) . We also referred to lists of guns prohibited under state laws banning SNSs. 11 Finally, we omitted any high caliber (0.357, 0.40, 0.44, 0.45) non-SNS weapons traced for these manufacturers. The primary explanatory variable was dichotomous and indicated whether the dealer's ban of SNSs had occurred during or prior to a given time period, t.
The number of crime guns with short sale-to-crime intervals recovered in a given place and time period can also depend on criminal behavior and the degree to which police focus on arresting individuals likely to be in possession of firearms. Therefore, the primary control variable was constructed to reflect the number of crime guns recovered that were unlikely to have been diverted to the illicit market due to gun store practices. We refer to such guns as Bolder guns.^A gun was designated as older if it had a retail sale to crime interval of 93 years, if it was designated as Btoo old to trace,^or if it had been sold by a gun dealer that was out of business by the time the gun was recovered from a criminal. The explanatory variable (X t ) used in regression analyses on Y t was the number of older guns recovered within the same 365-day period of recovery used to identify new crime guns sold in time period t.
The study protocol was approved by the Committee for Human Research of the Johns Hopkins Bloomberg School of Public Health.
Analyses
The analyses tested whether there was a change in the mean of the outcome variable following the gun store's announcement that it would no longer sell SNS handguns. Pre-existing trends, if inadequately explained by covariates in the model, can bias estimates of intervention impact. 23 Therefore, we graphed pre-intervention trends in the outcome variables and then estimated regression models with a linear trend term and the number of older crime guns being recovered as explanatory variables to assess whether there was a significant pre-intervention trend.
To estimate the effect of the store's sales policy change, we used least-squares regression models where the number of newer crime guns sold in a period t is a linear function of the overall mean, the store's decision not to sell Saturday night special handguns, the number of older crime guns recovered, and a linear trend when indicated:
Tests of statistical significance that there is no difference between effect coefficients and 0 are presented, as are 95% confidence intervals (CI) for the parameter estimates.
To test whether the error terms in our models were serially correlated, we calculated Durbin-Watson statistics 24, 25 and examined the auto-correlation function (ACF) and partial auto-correlation function (PACF) of model errors to identify the pattern of serial correlation. When serially correlated model errors were identified, we specified autoregressive integrated moving average (ARIMA) parameters consistent with the pattern of the ACF and PACF for the error terms. To identify outliers that could skew model estimates and model fit, we examined plots of residuals, Cook's distance, and centered leverage values for each model. 26 
RESULTS
A total of 45,201 guns were recovered in crimes in the four cities during the study period. Prior to the Milwaukee-area gun dealer announcing that it would no longer sell Saturday night specials (SNSs), the dealer had sold 21% (1081/5095) of all crime guns in Milwaukee for which a retail seller could be identified. However, the dealer sold 65% (524/806) of the guns later recovered from criminals less than 1 year after retail sale, and 70% (204/290) of the new SNS crime guns. Figure 1 depicts key changes in trends for crime guns recovered less than a year after retail sale by the gun dealer that announced it would no longer sell SNSs. After fluctuating around a mean of 14.4, the number of new SNS crime guns previously sold by the gun store dropped abruptly in May 1999 to a mean of 0.8 per 2-month period. There was also a substantial reduction in new crime guns that were not SNSs from a pre-intervention mean of 17.9 to a post-intervention mean of 10.2 (p G 0.001; Table 1) .
Citywide trends are shown in Figure 2 for Milwaukee and in Figure 3 for the three comparison cities. The mean number of SNSs recovered from criminals in Milwaukee within a year of retail sale dropped precipitously from 18.9 for guns sold before May 1999 to 6.4 after May 1999 (p G 0.001; Table 1 ). A marked, though less dramatic, decline can be seen in Figure 2 for all new trafficked guns recovered from criminals in Milwaukee from a pre-intervention mean of 33.5 to a post-intervention mean of 19.1 (p G 0.001).
There are no large, abrupt shifts in this indicator of illegal gun trafficking observed in any of the three comparison cities (Fig. 3 ). There is a gradual drift downward in Cleveland for guns sold prior to 1999, which resulted in a significantly lower post-intervention mean (Table 1) , and an upward trend in Cincinnati through the study period.
Estimates of the effect of the Milwaukee-area dealer's change in sales practices from the regression analyses (Table 2) are consistent with the patterns seen in FIGURE 1. Trends in police recovery of guns from criminals in Milwaukee within a year of the original retail sale by a major Milwaukee-area gun store for Saturday night special (SNS) handguns, non-SNS, and all trafficked guns by 2-month sale period. Figures 1 and 2 . The change was associated with a 96% decrease in new SNS sold by this dealer and later recovered from criminals in Milwaukee (95% CI _ 97 to _ 95%). For trafficked guns sold by the dealer that were not SNSs, the change in sales policy was associated with a 42% decrease ( _ 57 to _ 15%). There was an estimated 73% reduction in guns used in crime when the person arrested with the gun was not the retail purchaser (95% CI _ 77 to _ 66%) associated with the dealer's change in sales policy. The effect of the dealer's new sales policy was a 44% reduction in all new crime guns recovered in Milwaukee for which the criminal possessor was not the retail purchaser of record (95% CI _ 53 to _ 32%). The multivariable models for trafficked new crime guns for the comparison cities produced one estimate with a negative sign and two with a positive sign, but none were statistically significant at the 0.05 level of significance (Table 2) .
DISCUSSION
Our findings indicate that a single gun dealer's sales practices had a profound impact on the local illicit gun market in Milwaukee. Between July 1, 1996, and April 30, 1999, this dealer sold two-thirds of the guns recovered in crimes in Milwaukee within a year of retail sale and 70% of the new Saturday night special (SNS) crime guns. Our data indicate that the dealer apparently did stop selling small, inexpensive handguns commonly used in crime because SNSs that had been sold by the dealer very rarely showed in crime following the announced change in sales policy. More important was the net impact of this dealer's change in sales practices on the supply of new guns to criminals in Milwaukee. There is debate about how readily criminals and their gun suppliers might adapt to changes in legal firearm sales practices, with some suggesting that criminals easily shift to other weapons or supply conduits. 27 However, our findings indicate that there was far from equal substitution from SNSs to other new guns sold by the dealer that stopped selling SNSs or to new SNSs sold by other retailers. In each case, the net decline in new crime guns was approximately 70%. It is also noteworthy that there was a 42% decline in new crime guns originally sold by the dealer that were not SNSs, suggesting that the dealer may have adopted other changes in sales practices that reduced the likelihood that the guns would be diverted to criminals. Although there was some modest increase in the number of new crime guns that had been originally sold by other licensed gun dealers, there was a net decrease of 44% for all trafficked new crime guns following the change in sales practices by a single gun store.
It is highly unlikely that these changes could be attributed to unmeasured confounders. The declines in the recovery of new guns from criminals are large, abrupt, and exactly coincident with the announced policy change. The effects can be linked to the specific dealer that made the change and to the specific types of guns that were the focus of the change. There were no significant changes in new trafficked crime guns recovered in other cities in the Midwest that did not experience policy or enforcement changes after adjusting for confounders. A new police commissioner was appointed in Milwaukee in 1999, the year in which the gun dealer changed its sales policies. The new commissioner announced his commitment to reduce police practices that could be construed as racial profiling, and such changes could potentially confound our estimates of the effects of the gun dealer's change in sales practices. However, we found virtually no difference in the racial composition of criminal gun possessors before and after the date the dealer announced his decision to stop selling small, inexpensive handguns.
This study has several limitations. The outcome measures are indicators rather than direct measures of the flow of new guns to criminals that are based on traces of guns recovered by police. If criminals apprehended by police are different from the larger population of criminals in their acquisition of new guns, these measures may be biased. However, we control for changes in police practices for recovering guns from criminals with measures of older guns recovered by police.
We did not directly control for law enforcement interventions undertaken during the study period that could have influenced criminals' acquisition of new guns. However, we searched electronic newspaper archives and press releases to identify information about anti-trafficking initiatives connected with gun dealers during the study period for cities in the study. There was no evidence of significant enforcement directed at licensed gun dealers from these sources.
Although the supply of new guns to criminals in Milwaukee appears to have been disrupted by the dealer's change in sales practices, this study does not examine whether this led to reduced gun availability to criminals. Are older guns an acceptable substitute for new guns to criminals or to those prone to commit violence? Criminally involved youth prefer new guns over used guns because they recognize that police routinely perform ballistics tests to see if the guns they recover have been used in prior shootings. 28, 29 Although firearms can last for many years, criminals need to rearm themselves with some frequency because they discard guns used in shootings, sell guns when they need cash, or have their guns stolen. 30 Restricting the supply of preferred new guns in the illicit market could increase the real costs of gun ownership among criminals and reduce criminals' use of guns. 31 This theory is supported by prior research indicating that criminal gun availability is lower when criminals must resort to out-of-state sources for their guns 32 and that lower levels of gun trafficking indicators (based on crime gun traces) are associated with fewer robberies committed with guns. 33 Also supportive of this theory is research on the effects of Maryland's statewide ban of SNSs that found the ban to be associated with reduced criminal access to SNSs, 11 an overall reduction in handgun sales, and a lowered homicide rate. 12 The findings on the effects of Maryland's ban of SNSs provide some reason to think that the decision of a gun dealer that had been the primary source of new SNSs subsequently used by criminals in Milwaukee to stop selling SNSs could have led to a reduction in shootings. Broader legislative bans of SNSs, however, are likely to be more effective since they apply to all licensed gun dealers.
The findings of this study cast doubt upon claims by gun dealers that their sales practices have little impact on criminals' acquisition of firearms. The decision to stop selling a product that is commonly misused and can be dangerous to consumers or to the public at large is a method of counter-marketing used in other industries. 34 If more gun dealers used this and other counter-marketing strategies, they could reduce the likelihood that their products will be used to commit acts of violence. 35 Although this study examined the effects of a gun dealer's voluntary change in sales practices, external pressures were likely to have influenced the gun dealer's decision to adopt new sales practices. Another area gun dealer had recently been indicted for making illegal sales. 36 Stores linked with large numbers of crime guns in Chicago and Detroit had recently been sued by those cities after undercover police stings revealed illegal sales practices. Just days before the announced changes, the gun store had received bad publicity for having sold more guns subsequently used in crime than any other gun dealer in the nation. 13 Although these conditions may be difficult to replicate, close scrutiny of gun dealers, including frequent audits and undercover stings that have been shown to deter sales of alcohol and tobacco to underage youth, [37] [38] [39] [40] [41] could deter sales practices that enable guns to be diverted to criminals. 21 In many major U.S. cities with high levels of gun violence (Atlanta, GA; Birmingham, AL; Cleveland, OH; Gary, IN; Indianapolis, IN; Louisville, KY; Miami, FL; Minneapolis, MN; Oakland, CA; Philadelphia, PA; Richmond, VA), ten or fewer gun dealers sell the majority of guns later recovered in crime. 17 In such instances, enforcement initiatives can be efficiently directed at a small number of gun dealers that could reduce the availability of new guns to criminals. Enforcement focused on licensed gun dealers should be evaluated for its effect on illicit gun trafficking as well as its effect on levels of gun violence.
